Abstract.
Introduction
The Earth magnetopause is the outer boundary of the terrestrial magnetosphere. Out-15 side of this boundary, the magnetosheath plasma is the shocked solar wind plasma, i.e.
16
cold and dense, with a magnetic field direction essentially determined by the solar wind 17 one. Inside of it, the magnetospheric plasma is hot and tenuous, with a magnetic field to zero in the frame of the discontinuity.
27
There is now observational evidence (Chou et al, 2012 ) that the magnetopause is not al-28 ways a tangential discontinuity, i.e. that the normal flow and magnetic field are not always 29 null. There are in particular numerous observations where the magnetic field rotation cor-30 responds to a rotational discontinuity (Sonnerup et al, 1974) . In this paper, we use the 31 word "discontinuity" in its usual sense in this context: a 1-D stationary layer, whatever its 32 thickness. It seems that, at least when dynamical processes takes place (due for instance 33 to reconnection near the studied site), the compressional boundary and the rotational one is not much larger than the variance on B n , which makes the MVAB method inefficient.
68
On the other hand, MVABC assumes that B n = 0, which does not allow determining it first, the density is rapidly increasing and the magnetic field amplitude B is decreasing.
75
Then, these quantities remains constant and the magnetic field slowly rotates on an el-76 lipse. We will now study these two phases separately, assuming they are oriented along 77 the same normal direction. 
Compressional variations
Let us first focus on the first, compressional, phase, between t=-9 and t=2, when the 79 density is growing and the total field decreasing. The first step to study this discontinu-80 ity is to find its normal velocity, in order to work in its proper frame. We cannot here 81 make the simple assumption that the observed velocity is the boundary velocity because Here we have to notice that if we look at the same points on MVABC frame or MVAB 95 frame, the flux is not proportional to the density. So the precision of the frame found with 96 our method seems to be better, that is very important for such a precise treatment. Even
97
with the small numbers of CIS points, we can be confident on this value and work on the 98 discontinuity frame. that is possible only for a slow shock with respect to the Rankine-Hugoniot equations. 
Initialisation of the shock
We use a 1.5 D compressible MHD simulation code with periodic boundary conditions.
125
The code uses a classical Fourier pseudo-spectral method to compute spatial derivatives,
126
with an adaptative second order Adams-Bashforth time stepping for time integration.
127
We integrate the equations for the density ρ, the gas pressure P , the velocity u, and the 128 magnetic field B. The temperature is defined by an ideal gas law. These equations read,
129
appropriately normalized: shock, in order to be able to see the interaction with an Alfven wave.
134
To determine the needed jumps between the two sides of the shock for all parameters, we 135 use the Rankine Hugoniot equations. We computed the different possible couples u n1 , u n2
136
for the upstream and downstream normal velocities (see Fig. 9 ), for any values of the in- 
145
Using this initialization we obtain something which is not perfectly stationary (our equa-
146
tions do not take account of the code viscosity and the profiles are thus not perfectly 147 known), but enough to study the interaction with a rotational discontinuity. Fig. 9 shows 148 the evolution of density and fields for small times. A small perturbation of density seems 149 to propagate alone on the right on the box (we will see that it does not change the results),
150
and we observe a small smoothing of the gradients, but the shock is not globally moving. 
Interaction with an Alfven wave
We then add an Alfven wave in the right side of the simulation box, consisting in a 2π
152 rotation of the magnetic field , with a Walen consistent rotation of velocity. The subse-153 quent evolution after this initialization is shown on Fig. 11 for small times (until t=15).
154
We see that the Alfven wave is normally propagating on the x direction from right to left 
158
This effect becomes spectacular if we look at the simulation for a longer time. Fig. 12 159 and Fig. 13 show the evolution every 20 seconds during 60 seconds, respectively with the
160
Alfven wave, and without the Alfven wave. There is no doubt that we see the formation of However, the anisotropy is said necessary to explain the stationarity of this structure. As 
Conclusion
We have presented a case study of a magnetopause crossing by Cluster spacecraft.
175
This example is atypical in the sense that the density/ temperature gradient is clearly 
